BACKGROUND: Thirty-day readmissions among elderly Medicare patients are an important hospital quality measure. Although plans for using 30-day readmission measures are under consideration for younger patients, little is known about readmission in younger patients or the relationship between readmissions in younger and elderly patients at the same hospital. METHODS: By using the 2014 Nationwide Readmissions Database, we examined readmission patterns in younger patients (18-64 years) using hierarchical models to evaluate associations between hospital 30-day, risk-standardized readmission rates in elderly Medicare patients and readmission risk in younger patients with acute myocardial infarction, heart failure, or pneumonia. RESULTS: There were 87,818, 98,315, and 103,251 admissions in younger patients for acute myocardial infarction, heart failure, and pneumonia, respectively, with overall 30-day unplanned readmission rates of 8.5%, 21.4%, and 13.7%, respectively. Readmission risk in younger patients was significantly associated with hospital 30-day risk-standardized readmission rates for elderly Medicare patients for all 3 conditions. A decrease in an average hospital's 30-day, risk-standardized readmission rates from the 75th percentile to the 25th percentile was associated with reduction in younger patients' risk of readmission from 8.8% to 8.0% (difference: 0.7%; 95% confidence interval, 0.5-0.9) for acute myocardial infarction; 21.8% to 20.0% (difference: 1.8%; 95% confidence interval, 1.4-2.2) for heart failure; and 13.9% to 13.1% (difference: 0.8%; 95% confidence interval, 0.5-1.0) for pneumonia. CONCLUSIONS: Among younger patients, readmission risk was moderately associated with hospital 30-day, risk-standardized readmission rates in elderly Medicare beneficiaries. Efforts to reduce readmissions among older patients may have important areas of overlap with younger patients, although further research may be necessary to identify specific mechanisms to tailor initiatives to younger patients.
Hospital readmissions are common, 1-3 expensive, 4,5 and associated with adverse outcomes. Approximately 1 in 5 elderly Medicare beneficiaries are readmitted within 30 days at a cost of more than $17 billion annually, 6 making efforts to reduce readmissions a national priority. The Centers for Medicare & Medicaid Services (CMS) publicly reports hospital 30-day, risk-standardized readmission rates (RSRRs) as a measure of hospital quality. 7 The Patient Protection and Affordable Care Act created the Hospital Readmissions Reduction Program (HRRP), which financially penalizes hospitals with higher than expected readmission rates. 8, 9 Given their associated disease burden and costs, [10] [11] [12] [13] [14] 3 common conditions have been the focus of these programs: acute myocardial infarction, heart failure, and pneumonia. Extensive research has attempted to better understand and prevent readmissions in elderly Medicare beneficiaries for these conditions. [15] [16] [17] [18] [19] [20] [21] [22] [23] Although hospital readmissions have been extensively studied in the elderly Medicare population, readmissions are common among nonelderly adult patients. Younger patients are readmitted approximately 2 million times annually, which is similar in number to elderly Medicare beneficiaries. 5 However, overall patterns of and factors associated with hospital readmission in younger patients thus far have been examined using only single state inpatient data. [24] [25] [26] Broader knowledge of readmissions among a nationally representative cohort of younger patients with acute myocardial infarction, heart failure, and pneumonia may help tailor specific clinical and policy interventions. This is essential as commercial insurers and Medicaid programs begin to roll out initiatives to reduce readmissions in this population. [27] [28] [29] [30] Furthermore, it would be valuable to understand whether younger patients discharged from hospitals with lower readmission rates for elderly Medicare beneficiaries are at lower risk of readmission. If such an association exists, it would suggest that common strategies could be used to reduce readmission rates for both groups.
We used the 2014 Nationwide Readmissions Database (NRD) to evaluate all-cause unplanned readmissions within 30 days in younger patients aged 18 to 64 years after hospitalization for acute myocardial infarction, heart failure, and pneumonia. Our objectives were to determine the timing and causes of readmission for 3 publicly reported conditions for younger patients in the United States and to assess whether the risk of readmission in younger patients is associated with readmission rates among elderly Medicare beneficiaries.
MATERIALS AND METHODS

Data Source
We used data from the Nationwide Readmissions Database (NRD) developed by the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project. The NRD contains data on all-payer inpatient stays by compiling information from the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project State Inpatient Databases. 5 The 2014 NRD was constructed from 22 geographically dispersed states. In the unweighted sample, the 2014 NRD represents 51.2% of the US resident population and 49.3% of all US hospitalizations. 31 
Study Population
The unweighted sample was used for all analyses. Our study population included patients who were hospitalized with a primary discharge diagnosis of acute myocardial infarction, heart failure, or pneumonia based on International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes ( Supplementary Table 1 
Index Admission and Readmissions
Index admissions were defined as the first admission during the study period and all additional admissions occurring more than 30 days after a previous discharge. Admissions for acute myocardial infarction, heart failure, or pneumonia were not considered to be an index admission if patients left against medical advice, were transferred to another acute care hospital, died during the admission, or did not have 30-day follow-up data (eg, admissions in December 2014). Patients transferred in were considered an index admission at the receiving hospital. We also excluded as index admissions those with a missing length of stay, insurance status, and median household income according to ZIP code, and those admitted within 30 days of a prior index admission for the same condition. As per CMS, patients admitted and discharged on the same day with a diagnosis of acute myocardial infarction were not included in the acute myocardial infarction cohort. 32 Patients could contribute multiple index admissions to the analysis so long as the admissions were not within 30 days of a prior index admission for the same condition. Planned readmissions within 30 days of discharge were identified using the CMS Planned Readmission Algorithm. 32 If the first readmission after discharge was planned, then no readmission was attributed to that hospitalization and any subsequent unplanned readmission was not counted as a readmission. 32 We excluded hospitals with fewer than 10 index admissions for elderly Medicare patients or younger patients for
CLINICAL SIGNIFICANCE
The 30-day readmission rate for younger patients was 8.5% for acute myocardial infarction, 21.4% for heart failure, and 13.7% for pneumonia. Readmission risk in younger patients was associated with hospital 30-day, riskstandardized readmission rates among elderly Medicare patients for all 3 conditions. Efforts to reduce readmissions among older patients may overlap with younger patients.
each condition to improve the reliability of hospital 30-day RSRRs ( Supplementary Figures 1 and 2 , available online).
Diagnoses and Timing of Readmission
The reasons for readmission were classified using Agency for Healthcare Research and Quality's single-level Clinical Classification Software applied to the principal International Classification of Diseases, Ninth Revision discharge diagnosis. 33 We identified the percentage of observed 30-day readmissions due to the 5 most common reasons for readmission by single-level Clinical Classification Software categories for the patient cohorts of acute myocardial infarction, heart failure, and pneumonia separately. We reported the percentage of 30-day readmissions occurring on each day (days 1-30) after discharge for each condition.
Sensitivity Analysis
Because individual patients may be counted more than once in the primary analysis, we performed a sensitivity analysis including only the first admission for acute myocardial infarction, heart failure, or pneumonia for each patient.
Statistical Analyses
By using similar procedures to those used by CMS, 32 we estimated hospital-specific, 30-day RSRRs for acute myocardial infarction, heart failure, and pneumonia among elderly Medicare patients using hierarchical logistic regression models with a hospital-specific intercept to account for patient clustering. The binary dependent variable was 30-day, all-cause, unplanned readmission. To account for hospital case mix, we adjusted for patient age, gender, and 29 Elixhauser comorbidities. 34 Separate models were fit for acute myocardial infarction, heart failure, and pneumonia with C-statistics of 0.65, 0.60, and 0.62, respectively. To calculate 30-day RSRRs for each study condition, we used the model to obtain predicted to expected ratios for each hospital. RSRRs were calculated as the product of the predicted to expected ratio and the overall 30-day unplanned readmission rate.
We then evaluated the association between hospital 30-day RSRRs for elderly patients and risk of readmission among younger patients. We fit a hierarchical logistic regression model among younger patients for each condition with a random hospital-specific intercept. The binary dependent variable was 30-day unplanned readmission, and the primary exposure variable was the 30-day RSRR among Medicare beneficiaries at the hospital where the patient was treated. We adjusted for case mix by including patient age, gender, insurance status, length of stay, 29 Elixhauser comorbidities, care received in the emergency department, median household income by ZIP code, and transfer hospitalization. We also adjusted for available hospital characteristics, including hospital ownership status, teaching status, and bed size.
Finally, we sought to understand whether a hospital's 30-day RSRR for a specific condition was associated with the risk of readmission in younger patients with a different condition. For example, we examined whether a hospital's 30-day RSRR for heart failure was associated with the risk of readmission for acute myocardial infarction or pneumonia in younger patients. We hypothesized that the risk of readmission in younger patients for a specific condition would not be significantly associated with readmission rates in elderly Medicare patients for nonidentical conditions. However, if a relationship were to exist, it may suggest that hospital strategies targeting the reduction of readmissions for a specific condition may have broader effects across conditions. First, we identified hospitals with estimates of 30-day RSRRs for all 3 conditions. Next, we fit hierarchical regression models as described but included all three 30-day RSRRs as covariates of interest. The dependent variable was 30-day unplanned readmission among younger patients for the acute myocardial infarction, heart failure, and pneumonia cohorts. A P value <.05 was considered statistically significant. All data management and statistical analyses were performed using STATA version 14.2 (StataCorp LP, College Station, Tex).
RESULTS
Baseline Patient, Admission, and Hospital Characteristics
In the 2014 NRD, there were a total of 14.9 million discharges from 2048 hospitals representing 22 geographically dispersed states. There were 87,818, 98,315, and 103,251 index admissions for acute myocardial infarction, heart failure, and pneumonia, respectively, in younger adults ( Supplementary Figures 1 and 2 , available online). Notably, approximately 25% to 30% of admissions were excluded during construction of the final index admission cohorts for each condition ( Supplementary Figure 1 , available online). Overall, there were 7504 readmissions for acute myocardial infarction, 21,054 readmissions for heart failure, and 14,165 readmissions for pneumonia. Compared with elderly Medicare beneficiaries, younger patients had lower readmission rates after hospitalization for acute myocardial infarction (8.5% vs 14.9%; P < .001) and pneumonia (13.7% vs 16.1%; P < .001). However, younger patients had higher rates of readmission after heart failure hospitalizations compared with elderly patients (21.4% vs 20.7%; P < .001). Younger patients were more likely to be readmitted if they had a higher number of comorbidities, a longer length of stay, and Medicaid or Medicare (due to disability or end-stage renal disease) ( Table 1 ).
Timing and Causes of Readmission
Among younger patients, the median days from discharge to readmission were 9, 13, and 12 days for acute myocardial infarction, heart failure, and pneumonia, respectively. In general, younger and elderly Medicare patients had similar
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The American Journal of Medicine, Vol 130, No 10, October 2017 patterns of readmission timing after discharge ( Figure 1) . Among younger patients, the most common readmission diagnoses were recurrences of each of the respective index admission diagnoses ( 
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The American Journal of Medicine, Vol 130, No 10, October 2017 pneumonia, but not for acute myocardial infarction. The most common cause of readmission after a discharge for acute myocardial infarction among elderly Medicare patients was heart failure, whereas it was acute myocardial infarction in younger patients ( Figure 2 . Thirty-day RSRRs were available for all 3 conditions at 815 hospitals. Among this subgroup, we examined the association of 30-day RSRRs for all 3 conditions on the risk of readmission for hospitalizations of younger patients in the acute myocardial infarction, heart failure, and pneumonia cohorts ( Table 3) . A hospital's 30-day RSRR for heart failure was significantly associated with the risk of readmission in younger patients across all 3 conditions, whereas 30-day RSRRs for acute myocardial infarction were significantly associated with the risk of readmission for acute myocardial infarction and heart failure but not pneumonia. A hospital's 30-day RSRR for pneumonia was significantly associated with the risk of readmission in younger patients for pneumonia only, not acute myocardial infarction or heart failure ( Table 3) .
In a sensitivity analysis including only the first hospitalization for acute myocardial infarction, heart failure, or pneumonia per patient, we discovered a similar association between a hospital's RSRR in the elderly and the risk of readmission in the nonelderly as was seen in the primary analysis (Supplementary Tables 2 and 3 , available online).
DISCUSSION
Our study has 2 important findings. First, hospital-level 30-day RSRRs among elderly Medicare beneficiaries were significantly associated with the risk of readmission among younger adults for all 3 conditions. On the basis of our findings, a reduction in an average hospital's RSRR from the 75th percentile to the 25th percentile was associated with an absolute readmission risk reduction ranging from 0.7% to 1.8% in younger patients depending on the condition, suggesting a moderate overall association. Second, we found an unexpected association between the 30-day RSRRs in elderly Medicare beneficiaries and the risk of readmission in younger patients across conditions. A hospital's 30-day RSRR for heart failure was significantly associated with the risk of readmission for all 3 conditions, whereas that for acute myocardial infarction was related to acute myocardial infarction and heart failure but not pneumonia. However, there was no significant relationship between a hospital's RSRR for older adults with pneumonia and the risk of readmission for younger adults with acute myocardial infarction or heart failure. Taken together, these findings suggest efforts to reduce readmissions among older patients may have important areas of overlap with younger patients, although further research is necessary to identify specific mechanisms that explain this relationship.
Earlier work examining characteristics and readmission patterns among younger adult patients has been limited. 5, 24 Prior studies have used California inpatient administrative claims data between 2007 and 2009 to evaluate readmissions among patients aged 18 to 64 years. [24] [25] [26] In one study, the overall readmission rates after index hospitalization for acute myocardial infarction, heart failure, and 
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The American Journal of Medicine, Vol 130, No 10, October 2017 pneumonia were 11.2%, 23.4%, and 14.4%, respectively, in their cohort of younger adult patients. 24 Each of these was greater than the overall readmission rates of 8.5%, 21.4%, and 13.7% readmission rates for acute myocardial infarction, heart failure, and pneumonia, respectively, reported in our study. This lower rate of readmissions might be explained by the inclusion of a larger, more nationally representative cohort of patients in our study along with continued declines in readmission rates for acute myocardial infarction and heart failure. 35 The modestly higher rate of readmission after heart failure hospitalizations among younger patients compared with elderly patients deserves brief mention (21.4% vs 20.7%). Although this finding has been demonstrated for heart failure, 24 the mechanism explaining this phenomenon remains unclear. We speculate on 2 potential mechanisms. First, perhaps differences in the common causes of heart failure between younger and older patients partially account for this phenomenon. For instance, heart failure with reduced ejection fraction is a more common cause of heart failure among younger patients and may be associated with a worse prognosis in this age group. 13 Second, socioeconomic factors, including lack of health insurance, may pose challenges to appropriate outpatient follow-up and management for younger patients.
Our study is the first to examine the association between readmissions for elderly and younger patients after the HRRP was introduced. We extend prior literature by introducing the novel finding that 30-day RSRRs for elderly Medicare beneficiaries have a significant association with the risk of readmission for younger patients for acute myocardial infarction, heart failure, and pneumonia. This finding has several important implications. First, because other insurers beyond Medicare are concerned with reducing readmissions, understanding the mechanisms by which hospitals with low 30-day RSRRs achieve reduced readmissions across the spectrum of age is an important step in designing and implementing readmission reduction programs more broadly. One possible mechanism may include similar patterns and timing of readmission. 24, 36 Second, there may be substantial costs associated with reducing a hospital's RSRR in elderly patients. 37 On the basis of our findings, a reduction in a hospital's RSRR by 1 percentage point is associated with an approximately 5% reduction in the relative probability of readmission and a smaller reduction in the absolute risk among younger patients across all 3 conditions. Thus, an increased understanding of the factors associated with readmissions in nonelderly patients may inform the development of more cost-effective strategies to reduce readmissions in this population.
We also demonstrate that hospital 30-day RSRRs may be associated with risk of readmission across conditions. For instance, we found that a hospital's 30-day RSRR for heart failure was significantly associated with readmission in the younger population across all 3 conditions, suggesting that this measure may be a good indicator of overall quality of care. Indeed, heart failure was the only diagnosis in the top 5 causes of readmission for all 3 conditions in both younger and elderly Medicare patients. Therefore, hospitals that effectively manage heart failure among elderly Medicare beneficiaries may do so by proactively preventing readmissions for heart failure across ages and conditions using diverse approaches with broad applicability.
There are some data to support this speculation. A prior study reported several hospital strategies that were associated with reduced hospital RSRRs for heart failure. 38 These included hospital partnerships with community physicians and local hospitals aimed at reducing readmissions; discharge summaries sent directly to the patient's primary care physician; arrangement of follow-up appointments before discharge; and staff assigned to follow-up specific test results. 38 These broad strategies may, in part, reduce readmissions across ages and conditions, thus explaining the observed association between a hospital's RSRR for heart failure and the risk of readmission among younger patients with acute myocardial infarction or pneumonia. Nevertheless, given the relatively small sample size of this subgroup, these findings should be considered hypothesis-generating and warrant further evaluation. Our findings have several important implications. There is growing momentum for initiatives aimed at mitigating healthcare costs by reducing readmissions. The HRRP has imposed substantial financial penalties, resulting in approximately $1 billion in penalties since the program's inception in October 2012. 9 Although not without controversy, many studies have demonstrated multiple beneficial effects of this policy. [39] [40] [41] Inspired by the initial success of the HRRP, Medicaid and private insurers also are designing programs to reduce readmissions for their nonelderly enrollees. [27] [28] [29] [30] For example, Illinois has implemented a Medicaid Readmission Penalty Program based on the SMART Act. 42 It remains to be determined whether best practices and quality-improvement efforts targeting older adults, such as Project Better Outcomes for Older Adults through Safe Transitions (BOOST) 43 and Project Re-Engineered Discharge (RED), [44] [45] [46] will be similarly effective in younger adult patients.
Study Limitations
Our study should be interpreted in the context of the following study design issues. First, because of data limitations in the NRD, we were unable to account for complete measures of clinical and socioeconomic risk in our models. [47] [48] [49] Thus, residual confounding due to both elderly and younger patients being sicker at some hospitals remains an important concern as with most observational studies. Second, we were unable to use the specific case-mix adjustment method used by CMS for estimation of 30-day RSRRs for HRRP and Hospital Compare. 32 This method of risk-adjustment requires 12 months of claims data before admission, which was not available in this dataset. However, as in prior work, we used Elixhauser comorbidities for case-mix adjustment 50 ; the discrimination of our models compared similarly to models used by CMS. [21] [22] [23] Third, we did not have data available on vital status among patients who were not readmitted. Therefore, we were unable to account for the competing risk of death after discharge. However, most operational initiatives for programs targeted toward readmission consider mortality and readmission as separate outcomes. Fourth, there are important limitations of the NRD that deserve specific mention. The NRD includes only hospitalizations from community hospitals as defined by the American Hospital Association; therefore, admissions to federal hospitals such as the Veterans Affairs health systems are not included. Readmissions to hospitals in different states from the index hospitalization are not captured because the NRD is a compilation of various State Inpatient Databases. Also, readmissions when the discharge date occurred in 2015 were not captured. These limitations of the dataset may have led to a modest underestimation of the actual number of readmissions that occurred. Finally, we also recognize the limitations regarding our 30-day RSRR calculations due to the availability of 11 months of data in the NRD compared with the 3 years of historical data used in the CMS measures. This leads to the potential of measurement error in our 30-day RSRR calculations. Although there is no method to compare the hospital-specific RSRRs we estimated with Hospital Compare because of the de-identified nature of the NRD, our national observed readmission rates were largely comparable. Specifically, our 30-day observed readmission rates for elderly Medicare beneficiaries for acute myocardial infarction, congestive heart failure, and pneumonia were 14.9%, 20.7%, and 16.1%, respectively, whereas currently on Hospital Compare they are 16.8%, 21.9%, and 17.1%, respectively. 51 Overall, our calculated rates were modestly lower than the reported readmission rates on Hospital Compare that we suspect are due to the inclusion of generally healthier Medicare Advantage patients.
CONCLUSIONS
Approximately 1 in 12 patients with acute myocardial infarction, 1 in 5 patients with heart failure, and 1 in 7 patients with pneumonia aged less than 65 years are readmitted within 30 days of discharge. Their risk of readmission is moderately associated with a hospital's rate of 30-day readmissions among elderly Medicare beneficiaries. Further research is needed to elucidate the mechanisms responsible for 30-day readmissions among younger patients and whether it is most effective to improve existing readmission reduction programs or design novel strategies targeted to younger adults. 32 AMI ¼ acute myocardial infarction; CHF ¼ congestive heart failure; ICD-9-CM ¼ International Classification of Diseases, Ninth Revision, Clinical Modification; SARS ¼ severe acute respiratory syndrome. 
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